The metazoan parasite assemblage of the head of 30 specimens of the Atlantic chub mackerel (Scomber colias) from the western Mediterranean Sea was analysed. Eight species of parasites were found, four mazocraeid monogeneans: Grubea cochlear (prevalence = 10%), Kuhnia scombercolias (59%), K. scombri (52%), Pseudokuhnia minor (86%); three didymozoid trematodes: Nematobothrium cf. faciale (21%), N. filiforme (41%), N. scombri (7%); and one laerneopodid copepod: Clavelissa scombri (7%). Results were compared with previously published data from 14 localities of the eastern Mediterranean Sea and the Atlantic Ocean, using non-parametric univariate and multivariate analyses, and the whole parasite fauna of S. colias was compared with that of the congeners (S. australasicus, S. japonicus and S. scombrus). Parasites showed to reflect the biogeographical and phylogenetic history of host. From a methodological point of view, the use of both non-parametric univariate and multivariate techniques proved to be effective tools to detect dissimilarities between parasite assemblages.
zoan parasites. All parasites were counted and stored in 70% ethanol. Species identification was done by literature review and descriptive bibliography; for monogeneans: Rohde and Watson (1985) and Rohde (1989) ; for didymozoids: Baylis (1938) and Yamaguti (1970) ; for copepods: Cressey and Cressey (1980) . Prevalence, mean abundance and mean intensity of each parasite species were calculated according to Bush et al. (1997) . The confidence interval of prevalence was calculated with the Sterne exact method, and the confidence intervals of the mean abundance and mean intensity were obtained by the bias-corrected and accelerated Efron-Tibshirani bootstrap (Reiczigel and Rózsa 2005) .
The results were compared with those of 10 localities of the Atlantic Ocean (Cremonte and Sardella 1997; Alves et al. 2003; Shukhgalter 2004; Oliva et al. 2008; Costa et al. 2011) (Fig. 1 , Table II), using both univariate and multivariate analyses. Because prevalence was the index reported in all papers, it was chosen for assessing the differences between pairs of localities with the Fisher exact test, (Reiczigel and Rozsa 2005). Accidental species (i.e. only one specimen was collected) were not included in the analyses. Multivariate analyses were carried out only on parasite species with a significant difference in prevalence between at least one pair of localities. Two dimensional non-metric multidimensional scaling (NMDS, "Jaccard" distance, "monoMDS" engine, meta MDS" function, "vegan" library of the R-software, R Development Core Team 2012) and hierarchical cluster analysis (CA, "average" method, "hclust" function, "stats" library of the R-software, R Development Core Team 2012) were performed on a Ruzicka (Jaccard) similarity matrix to identify possible differences between the localities examined (Oksanen 2011). The vectors of each variable were included in NMDS graphs in order to determine the principal factors driving the separation of the areas. The significance of the values of the vectors was evaluated (p-value ≤ 0.05, "envfit" function, "vegan" library of the R-software, R Development Core Team 2012). To estimate the goodness of fit of the NMDS graphs and how the hierarchical structure of the CA represented the effective distance between the parasite assemblages, the Kruskal stress (Stress, "goodness" function, "vegan" library of the R-software, R Development Core Team 2012) and the coefficient of cophenetic correlation (Rc, "cophenetic" function, "stats" library of the R-software, R Development Core Team 2012) were computed.
The community dissimilarity of helminths was evaluated with the Marczewski-Steinhaus distance (MS, "cc" method, "betadiver" function, "vegan" library of the R-software, R Development Core Team 2012), and the Bray-Curtis index (BC, "-1" method, "betadiver" function, "vegan" library of the R-software, R Development Core Team 2012) functions. Ichihara et al. (1968); 3, Yamaguti (1970) ; 4, Kabata (1979) ; 5, Cressey and Cressey (1980); 7, Gibson et al. (1981); 8, Rohde (1989); 9, Somdal and Schram (1992) ; 10, Hayward et al. (1998); 11, Amirzha (2003); 12, Shukhgalter (2004) (Kabata, 1979) 9 Laernea sp. 11 Pumiliopes jonesi (Bennet, 1968) 5 5 5 Crustacea Isopoda Ceratothoa imbricata (Fabricius, 1775) 10 $, Nemathobothrium filiforme is considered as Didymozoidae gen. sp. sensu Shukhgalter (2004) and Nemathobothrium sp. sensu Costa et al. (2011) #, Nematobothrium scombri is considered as Nematobothrium spp. sensu Cremonte and Sardella (1997) Ichihara et al. (1968); 3, Solonchenko and Bodyanitski (1968); 4, Yamaguti (1970) ; 5, Kabata (1979); 6, Cressey and Cressey (1980); 7, Nikolaeva (1980) ; 8, Gibson et al. (1981) ; 9, Rohde (1989); 10, Romuk-Wodoracki (1988); 11, Somdal and Schram (1992) ; 12, Cremonte and Sardella (1997); 13, Hayward et al. (1998) 14 Kabatazus paradoxus (Kabata, 1979) 11 10 Laernea sp. Nemathobothrium filiforme is considered as Didymozoidae gen. sp. sensu Shukhgalter (2004) and Nemathobothrium sp. sensu Costa et al. (2011) #, Nematobothrium scombri is considered as Nematobothrium spp. sensu Cremonte and Sardella (1997) Parasites of the head of Scomber colias 177 Eight species of parasites were found in the head of the 30 specimens of S. colias examined (Table II) : Grubea cochlear Diesing, 1858, Kuhnia scombercolias Nasir et Fuentes Zambrano, 1983 , K. scombri (Kuhn, 1829 , Pseudokuhnia minor (Goto, l894), Nematobothrium cf. faciale (Baylis, 1938) , N. filiforme Yamaguti, 1934 , N. scombri (Taschenberg, 1879 , and Clavellisa scombri (Kurz, 1877) .
Scomber colias is a new host record for N. cf. faciale, and the records of K. scombercolias, N. cf. faciale, N. filiforme and P. minor extend the geographical range of these species to the western Mediterranean Sea. The prevalence, mean abundance and mean intensity of infection of the parasites found in S. colias are shown in Table III . Pseudokuhnia minor had the highest prevalence (86%), mean abundance (5.4) and mean intensity (6.3), and it was the dominant species.
Comparing present and published data (Table IV) , each parasite species showed significant differences of prevalence between at least one pair of localities, and some had higher prevalence in one locality than in all others, particularly: K. scombri, P. minor, N. cf. faciale and N. filiforme in the western Mediterranean Sea (T, present data); Laernea sp. sensu Akmirza, 2003 in the eastern Mediterranean Sea (O-P); G. cochlear and N. scombri in the Brazilian area (L); C. scombri and P. minor at Madeira (E).
The grouping of the areas in the NMDS plot of the Mazocraeidae (Fig. 2) is driven by significant prevalence values of the four species considered (p-value < 0.05). The analysis of this plot according to the 1 axis showed that, apart from the Great Meteor Bank (D) of the central eastern Atlantic Ocean, the prevalence of P. minor distinguishes the central eastern Atlantic areas (C, E-I) and the western Mediterranean Sea (T) from all the other localities; whereas according to the 2 axis the prevalences of G. cochlear, K. scombercolias and K. scombri separate the Brazilian area (L) from almost all of the other areas, except for the Aegean Sea area (O).
The CA dendrogram of the prevalence of Mazocraeidae (Fig. 2) showed three different groups: the Brazilian one The separation of the cluster of the western Mediterranean and the central eastern Atlantic samples, and the cluster of the eastern Mediterranean (apart from the Aegean Sea) and the Argentine assemblages (M-N) is related to the low prevalence of K. scombri and the absence of other mazocraeids in the eastern Mediterranean and Argentine Seas (Rohde 1989; Cremonte and Sardella 1997; Akmirza 2003) , explaining why the most distant and oceanographically different areas of the entire range of S. colias cluster together. Apart from K. scombri, that was distributed throughout the geographical range of S. colias, the other monogeneans are limited to specific areas of the host distribution. For example, K. sprostonae has been reported from Madeira (Oliva et al. 2008) , and P. minor from the South and central eastern Atlantic Ocean and the western Mediterranean Sea, meaning that (i) these parasites do not find suitable condition to live outside these areas, and that (ii) they can leave their host when it migrates outside of the endemic area of these parasites. This fact suggests that the distance between the opposite coasts of the Atlantic Ocean could be a barrier to the spread of these parasites of S. colias, as analogously indicated by Rohde and Hayward (2000) for the monogeneans of two scombrids with amphi-Pacific distribution (Scomberomorus spp. and Grammatorcynus spp.). Concerning the differences in the ectoparasite fauna of S. colias from the eastern and western Mediterranean Seas, they can be due to the different oceanographic conditions of the shallow water of these basins (Robinson et al. 2001) as it has also been reported for other fish (Marzoug et al. 2012; Culurgioni et al. 2014) . (Goto, 1984) 86 (69-95) 5.4 (3.9-7.1) 6.3 (4.8-7.9) Trematoda Didymozoidae Nematobothrium cf. faciale (Baylis, 1938) 41 (25-61) 1.5 (0.7-3.5) 3.6 (2.1-7.6) Nematobothrium filiforme Yamaguti, 1934 21 ( 
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The multivariate analysis of didymozoids (Fig. 2) did not include the eastern Mediterranean Sea and the central eastern Atlantic Ocean areas (C) because this family has not been described in these areas. The grouping of the areas in the NMDS plot of Didymozoidae is driven by the significant prevalence values of three species (N. cf. faciale, N. filiforme and N. scombri). The analysis of this plot according to the 1 axis showed that the higher prevalence of N. cf. faciale and N. filiforme in the western Mediterranean Sea (T) and of N. scombri in the Brazilian area (L) than in all the other localities, distinguish the didymozoid assemblages of these localities.
The CA of the prevalence of Didymozoidae (Fig. 2) identified four groups: the Brazilian and Madeira areas (L and E), the Argentine areas of the South western Atlantic Ocean (M and N), the western Mediterranean area (T), and the other areas of the central eastern Atlantic Ocean (D, F-I) . Apart from N. scombri, that has been found in all the geographical range
Salvatore Mele et al. 180 of S. colias, except in the eastern Mediterranean Sea, the other didymozoids are limited to specific areas of the host distribution. For example, Halvorsenius exilis has been reported from Madeira (Oliva et al. 2008) , N. cf. faciale from the western Mediterranean Sea, and N. filiforme from the South and central eastern Atlantic Ocean and the western Mediterranean Sea, meaning that: (i) these parasites seem not to find suitable environmental conditions and/or intermediate hosts outside of these areas; (ii) their intermediate hosts could be associated to the specific oceanographic conditions of the western Mediterranean Sea and eastern Atlantic Ocean; and (iii) the specimens of S. colias infected by these didymozoids do not migrate to the eastern Mediterranean Sea and the South western Atlantic Ocean. In fact, several didymozoids have been recorded outside their endemic areas (Lester et al. 1985; Mele et al. 2012) , because they cannot leave their hosts, being encysted in the host tissues (Pascual et al. 2006) . The distance could be a barrier to the spread of these didymozoids between the opposite coasts of the Atlantic Ocean, as also showed for several mazocraeids (K. sprostonae, P. minor); whereas the different oceanographic conditions between the eastern and western Mediterranean Seas (Robison et al. 2001; Manca et al. 2004) , which can support a different macro fauna (Garibaldi 1998) , can be an important factor that could explain the different trematode faunas of these basins (Gargouri Ben Abdalah et al. 2010; Culurgioni et al. 2014) . Fig. 2 . Non-metric multidimensional scaling plots and cluster dendrograms based on the Ruzicka distance of the prevalence of the helminths of the head of Scomber colias that showed differences between at least one pairwise of localities, according to parasite family (Didymozoidae, Mazocraeidae). Stress values for the NMDS analyses were lower than 0.03 (0.00-0.01 for Didymozoidae and 0.01-0.03 for Mazocraidae), indicating that this analysis has sufficient resolution for reliable interpretation. For localities see Fig. 1 On the bases of the published and present data on the parasites of the head of the four species of the genus Scomber worldwide, a datasheet of presence/absence of parasites by geographical region was created (Tables I-III) , making it possible to evaluate the dissimilarity between the parasite faunas of the four mackerel species (Fig. 3) . Only mazocraeids were included in the statistical analysis because didymozoids of S. australasicus have not been identified to species level (Perera 1994) . The parasite assemblage of S. colias and S. japonicus cluster together and they are well separated from those of S. australasicus and S. scombrus. Scomber colias shares K. scombri and K. sprostonae with all the other representatives of the genus Scomber, P. minor only with the IndoPacific S. australasicus and S. japonicus, and G. cochlear only with the Atlanto-Mediterranean S. scombrus. Among didymozoids, S. colias shares N. scombri with the other members of the genus Scomber, except S. australasicus, in which no didymozoids have been identified (Perera 1994) ; N. filiforme with S. japonicus; and H. exilis and N. cf. faciale with S. scombrus. The occurrence of a parasite species in two host species could be due to host switching from one to another host species which share the habitat, or to inheritance from a common ancestor (Verneau et al. 2009 ). According to the cophylogenetic studies of Verneau et al. (2009) , the current overlap of distributions of S. colias and S. scombrus in the AtlantoMediterranean area may allow the sharing of parasites between these hosts (i.e. G. cochlear and N. cf. faciale). On the other hand, the sharing of parasites among S. colias and the Indo-Pacific S. australasicus and S. japonicus cannot be explained by the current geographical distribution of the species, and it should have taken place in the past, before the segregation of hosts. For instance, K. sprostonae and K. scombri, parasites that infect all the species of the genus Scomber, could have been parasites of an ancestral host distributed worldwide, whose populations diverged after the emergence of geographical barriers (Cheng et al. 2011) ; in accordance with the evolutionary history proposed by these authors, the speciation of K. scombercolias, P. minor and N. filiforme may have occurred after the segregation of S. scombrus, due to the closure of the Tethys Sea, but before the divergence of S. colias and S. japonicus. On the other hand, the speciation of G. cochlear in the Atlantic Scomber spp. and of G. australis in the Indo-Pacific Scomber spp. may have occurred after the complete separation of the host populations. The cluster analysis of the Tables I-III) mazocraeids of the four Scomber spp. seems to match with the phylogenetic relationships of the species of the genus Scomber (Cheng et al. 2011) , suggesting that the speciation of parasites and hosts are closely related.
